Here we describe a new, previously unrecognized elasmobranch microfossil assemblage consisting of isolated dental material from late Pliensbachian marginal marine, near-shore deposits of Grimmen in north-eastern Germany. The faunal composition indicates close affinities to other European pre-Toarcian elasmobranch-bearing localities, as it is predominantly composed of Hybodontiformes (Hybodus reticulatus?, H. hauffianus?, Lissodus sp.), Synechodontiformes (Palidiplospinax enniskilleni, P. occultidens, Paraorthacodus sp., Sphenodus sp.), and Hexanchiformes (Notidanoides sp.), as well as teeth attributable of the enigmatic Early Jurassic galeomorph shark Agaleus dorsetensis. In addition, the here reported elasmobranch tooth assemblage includes the oldest undisputable fossil records of Orectolobiformes and Batomorphii, each being represented by a single complete tooth only. The orectolobiform specimen is reminiscent of hemiscyllids but left in open nomenclature due to its very generalized morphology preventing any taxonomic identification. The batomorph tooth, conversely, is characterized by a unique combination of morphological features, which allows the introduction of new genus and species, Antiquaobatis grimmenensis gen. et sp. nov. The fossil assemblage presented here contributes to our current knowledge of late Early Jurassic chondrichthyan diversity and distributional patterns, providing some support for the hypothesis that most modern neoselachian lineages were initially linked to marginal marine, near-shore environments, before moving into open marine, offshore habitats by the Toarcian.
Introduction
Neoselachii form a highly diversified monophyletic group of marine vertebrates encompassing more than 1,100 extant species of sharks, rays, and skates (Compagno et al. 2005; Weigmann 2016 ). According to our current knowledge, neoselachians had their first appearance in the early Permian (Ivanov 2005 ), but they might have originated even earlier. Together with hybodontiform sharks, their supposed sister group that ranges from the Late Devonian to the Late Cretaceous (Ginter et al. 2002; Maisey et al. 2004; Coates and Gees 2007) , neoselachians form the most dominant chondrichthyan lineage during the Mesozoic.
The late Early Jurassic is considered to mark a key time interval in the evolutionary history of neoselachian elasmobranchs, because the Toarcian witnessed a first major radiation event resulting in a significant taxonomic and ecological diversity increase (Underwood 2006; Kriwet et al. 2009; Guinot et al. 2012; Guinot and Cavin 2016) . Obviously, it was the time when most crown-group neoselachians (i.e., Heterodontiformes, Orectolobiformes, Squantiniformes, and Batomorphii) became abundant in the fossil record for the first time (e.g., Thies 1983; Lepage 1990, 1993; Delsate and Thies 1995; Delsate and Candoni 2001) , suggesting an abrupt and nearly simultaneous colonization of a wide range of marine habitats (Underwood 2004 (Underwood , 2006 , probably accompanied by a subsequent diversity decline of hybodontiforms within marine environments (e.g., Rees and Underwood 2008; Leuzinger et al. 2017) . On the other hand, the Early Jurassic elasmobranch fossil record is strongly biased towards isolated material such as teeth and placoid scales from open marine, offshore environments; material from marginal marine, near-shore facies remains extremely rare due to the scarcity of productive localities (Rees 1998) . This renders recognition of Early Jurassic elasmobranch macroevolutionary patterns and processes difficult (Underwood 2004 (Underwood , 2006 . Therefore, any new information on late Early Jurassic elasmobranch fishes from marginal marine, near-shore settings potentially increases our knowledge about their taxonomic and ecological diversity, as well as their temporal and spatial distribution during this crucial time interval.
Here we present a new, previously unrecognized fossil elasmobranch assemblage recovered from late Pliensbachian marginal marine deposits of Grimmen (Mecklenburg-Western Pomerania, north-eastern Germany), comprising isolated dental remains attributable to the Hybodontiformes and Neoselachii. The intention of this paper is (1) to describe the cartilaginous fish assemblage from the late Pliensbachian of Grimmen and (2) to discuss its significance for better understanding Early Jurassic elasmobranch diversity and distributional patterns.
Geological and stratigraphic setting
In north-eastern Germany, outcrops of Mesozoic strata are rare (see Katzung 2004; Petzka et al. 2004) , and Early Jurassic strata crop out only in the now abandoned open-cast clay pits of Grimmen and Dobbertin (Fig. 1a) , both giving access to parautochthonous successions of late Pliensbachian to early Toarcian marine sediments that were glacially Stumpf et al. 2017) dislocated during Pleistocene ice advances (see Ernst 1967 Ernst , 1991 Ernst , 1992 Ansorge 2007; Ansorge and Obst 2015) . The abandoned Grimmen clay pit (54°87′53.53″N, 13°83′29.88″E) is not accessible any more, and is covered by vegetation and filled with water. The late Pliensbachian interval of Grimmen consists of unlithified fine-grained sands containing thin beds of silt, and subordinate lenticular streaks of clay, as well as laterally limited fine-to coarsegrained, bioclastic-rich sand bodies, which are indicative of local accumulations generated by current activity, suggesting a marginal, shallow-marine depositional environment (Ernst 1967 (Ernst , 1991 Ernst in Gründel 1999) . Biostratigraphically, this interval has been correlated with the apyrenum subzone (lower spinatum zone) based on ammonite evidence (Ernst 1967 (Ernst , 1991 Buchholz 2012) , which is ca. 184 Ma. The Pliensbachian-Toarcian transition is omitted due to a hiatus, probably caused by erosion and/or non-deposition (see Röhl and Schmid-Röhl 2005) , and therefore, the uppermost spinatum zone (hawskerense subzone) and probably much of the early Toarcian tenuiscostatum zone (paltum to clevelandicum subzone) are absent (Ernst 1991) . The early Toarcian interval is represented by fine-grained sands that pass upwards into black bituminous, laminated silty clays referred to the latest tenuiscostatum zone (semicelatum subzone), ca. 183 Ma, and finally into pure clays assigned to the slightly younger lower falciferum zone (elegantulum to exaratum subzone). Palaeogeographically, the late Early Jurassic succession of Grimmen was deposited at the northeastern edge of the North German Basin, which formed one of the many sub-basins that covered large areas of central and western Europe during Early Jurassic times (Fig. 1c) .
The clayey lower Toarcian interval (elegantulum to exaratum subzone) of Grimmen is renowned for having produced a diverse fauna of vertebrates, including fish, secondarily marine reptiles, and dinosaurs (e.g. , Haubold 1990; Thies 1989; Maisch and Ansorge 2004; Konwert and Stumpf 2017; Stumpf 2016; Stumpf et al. 2015 Stumpf et al. , 2017 Maxwell and Stumpf 2017; Konwert and Hörnig 2018) . Likewise, vertebrate material also has been reported from the upper Pliensbachian of Grimmen (e.g., Ernst 1967 Ernst , 1991 Kutscher 1988; Buchholz 2012; Stumpf et al. 2017 ), but little detailed taxonomic research has been conducted, and a comprehensive study of the vertebrate fauna thus has not been provided so far.
Vertebrates from the upper Pliensbachian interval of Grimmen are represented by isolated actinopterygian and chondrichthyan remains only, including teeth, scales, and otoliths. The fossil material is fragmentary and has suffered from erosion in many places, with some teeth and scales displaying distinct patterns of bioerosion probably attributable to endolithic microorganisms (see below).
Significantly, the Pliensbachian-Toarcian transition and the immediately following Toarcian-Oceanic Anoxic Event (T-OAE) mark two global episodes of palaeoenvironmental perturbations that were accompanied by well-known secondorder mass extinctions of marine invertebrate biota (e.g., Little and Benton 1995; Cecca and Macchioni 2004; Wignall et al. 2005; Caswell et al. 2009; Dera et al. 2010; Caruthers et al. 2014; Rita et al. 2016 ), a pronounced eustatic sea-level rise (e.g., Hallam 2001; Haq 2017) , and a marked increase in seawater temperature associated with global warming (e.g., Hesselbo and Jenkyns 1998; Bailey et al. 2003; Rosales et al. 2004; Gómez et al. 2008; Suan et al. 2010; Korte and Hesselbo 2011) . The upper Pliensbachian of Grimmen therefore documents a marginal marine ecosystem immediately before the two global palaeoenvironmental perturbation episodes that occurred at and immediately following the Pliensbachian-Toarcian transition. Therefore, this fauna is of utmost importance for understanding the intensity of these perturbations and also of possible recovery events in the aftermath of the T-OAE.
Materials and methods
The fossil material that forms the focus of the present study was collected by geoscientists and private collectors via screen-washing and sieving sediment samples obtained from temporary late Pliensbachian exposures accessible during the period of active clay mining at the Grimmen site, which started in 1959/1960 and ended in 1995 (see Petzka et al. 2004; Ansorge 2007) . Unfortunately, the clay pit is not accessible any more so that it is not possible to provide detailed information about the collecting sites or fossiliferous horizons. The material is now housed at the Institute of Geography and Geology (GG), University of Greifswald, and the Geological State Collection of Western-Pomerania (MV), Sternberg.
Digital photographs presented in the text were obtained using digital macro-and microphotography and a scanning electron microscope (SEM). Specimens shown in Figs. 2j-o, 3a-f, 4a-d, m-p were coated with gold/palladium for SEM analysis.
Systematic palaeontology
Remarks. The taxonomy and systematics for hybodontiform sharks follow those of Rees and Underwood (2002) and Rees (2008) , and those for neoselachians follow Klug (2010) and . The descriptive terminology for teeth largely corresponds to that of Cappetta (2012) . Agassiz, 1837? Figure 2a-f Material. Thirteen incomplete teeth (GG 438/1-5; MV 202616/1-8).
Hybodus reticulatus
Description. The teeth are represented by isolated tooth crowns lacking the roots and lateral cusplets. The cusps are high, labio-lingually compressed, and display moderately well-developed cutting edges (Fig. 2c, e) . The cusps are slightly inclined distally (Fig. 2a, b, d , f) and straight in mesio-distal views (Fig. 2c) . The ornamentation consists of simple, weak to moderately well-developed vertical folds covering the lower parts of the cusps (Fig. 2a, b, d, f) . Labial nodes at the base of the crown are absent.
Discussion. The high and labio-lingually narrow tooth crown morphology, combined with the presence of simple, nonbifurcating enameloid folds covering the lower part of the cusp, and the absence of nodes along the base of the labial side of the crown are dental characters that are consistent with teeth of Hybodus reticulatus Agassiz, 1837, the type species of Hybodus, thus separating the above-described teeth from those of all other Hybodus species reported from the Early Jurassic (see Duffin 1993 Duffin , 1997 Duffin , 2010 for discussion). However, as is widely accepted, the genus Hybodus represents an unnatural grouping of unrelated taxa , 2006 Rees 2008; Maisch and Matzke 2016) , and a revision of this taxon is needed for better understanding the taxonomic content of Jurassic hybodontiforms. Teeth of H. reticulatus are very similar to those of Egertonodus Maisey, 1987 , which is known from dental and skeletal material ranging from the Middle Jurassic to the Early Cretaceous (e.g., Patterson 1966; Maisey 1987; Rees and Underwood 2008; Bermúdez-Rochas 2009 ), but teeth of Egertonodus are otherwise characterized by displaying a higher and more slender main cusp that is sigmoidally curved in mesio-distal views.
Early Jurassic fossil records traditionally referred to the genus Hybodus are known from several European localities, with H. reticulatus being previously known from both isolated teeth and disarticulated skeletal material ranging from the middle Hettangian to the early Pliensbachian (Woodward 1889; Maisey 1987; Delsate and Duffin 1993; Duffin 1993; Rees 1998; Delsate et al. 2002) . In addition, Maisey (1987) reported H. cf. reticulatus from the Toarcian of southern Germany, an assignment later rejected by Duffin (1997) . Given its limited and fragmentary nature, the Grimmen material is here tentatively assigned to H. reticulatus, potentially extending the stratigraphic range of this species to the late Pliensbachian. Fraas, 1895? Figure 2g-i Material. Eight incomplete teeth (GG 438/6-11; MV 202618/1, 2).
Hybodus hauffianus
Description. The teeth are represented by incomplete and, in many cases, strongly abraded tooth crowns lacking roots and lateral cusplets. The cusps are labio-lingually compressed, with the cross-section being circular to slightly oval in occlusal view (Fig. 2h) . The ornamentation is composed of distinct nodes arranged along the base of the labial side of the cusp (Fig. 2g, h) , and moderate to strongly developed vertical folds covering the labial and lingual sides of the crown (Fig. 2g, i) . These folds occasionally branch off towards the base of the crown. The cutting edges are moderately well-developed (Fig. 2h) .
Discussion. Although being in poor state of preservation, the labio-lingually slender morphology and overall ornamentation pattern displayed by the above-described teeth indicate closest morphological affinities to teeth of Hybodus hauffianus Frass, 1895 from the Toarcian of Germany, which is considered to be very similar to H. reticulatus in both, dental and skeletal morphology (Maisey 1987; Duffin 1997) . One of the most important dental features for distinguishing teeth of H. hauffianus from those of H. reticulatus is the presence of labial nodes (Duffin 1997) . Dental characteristics similar to those of H. hauffianus also occur in H. cloacinus Quenstedt, 1858, which is known from teeth ranging from the Rhaetian to the Sinemurian (Duffin 1993 (Duffin , 2010 , but unlike in H. hauffianus, teeth of H. cloacinus exhibit rather moderate central cusps and a more strongly developed crown ornamentation with vertical ridges reaching the cusp apices. For this reason, and given the rather high and labiolingually slender tooth crown morphology, the here described material from the late Pliensbachian of Grimmen is tentatively referred to as H. hauffianus, potentially representing the oldest fossil record of this species. Description. The specimen is represented by an almost complete lateral tooth crown lacking its root. The crown is gracile, labio-lingually narrow, and markedly mesiodistally elongated. In labio-lingual aspect, the crown has a low profile, exhibiting a moderately high, triangular blunt principal cusp that is slightly inclined distally (Fig. 2j, l) .
The principal cusp is flanked mesially by four cusplets. The number of distal cusplets flanking the principal cusp remains unknown due to breakage. A moderately well-developed labial protuberance is present, exhibiting a vertical crest that reaches the apex of the principal cusp (Fig. 2j, k) . Labial and lingual nodes along the crown base are absent. In occlusal view, a moderately well-developed crest runs along the entire length of the crown (Fig. 2k) . The ornamentation is composed of rather strong vertical to subvertical enameloid folds. They begin at the crown shoulder but attain neither the cusps nor the occlusal crest in most cases. The enameloid folds covering the lingual face of the crown coalesce basally to form a somewhat serrated or reticulated ridge that extends horizontally along the crown shoulder (Fig. 2l) .
Discussion. The gracile, labiolingually narrow and mesiodistally elongated tooth crown architecture, and the possession of a distinct principal cusp and cusplets, together with the presence of a rather weak labial protuberance are dental features resembling those of the lonchidiid Parvodus Rees and Underwood, 2002 Decription. The teeth are up to 4 mm mesio-distally wide and display a somewhat triangular to oval outline in occlusal view (Fig. 2o) . The crown is moderately high and exhibits a slightly demarcated principal cusp (Fig. 2m , n). Lateral cusplets are absent. In both labio-lingual and mesio-distal aspects, the crown is smoothly rounded laterally. The crown forms a moderate protuberance at the base of the labial crown face (Fig. 2m, o ). There is a weakly developed occlusal crest running along the entire length of the crown. Further ornamentation includes very weak vertical folds descending from the principal cusp apex and from the occlusal crest laterally. In some cases, these ridges bifurcate basally towards the crown shoulder (Fig. 2o) .
Discussion. The general morphology and ornamentation pattern seen in these teeth warrants an inclusion in the genus Lissodus Brough, 1935 (see Rees and Underwood 2002) . The familial placement of Lissodus within Hybodontiformes, however, remains ambiguous and unresolved, because this genus is characterized by a rather unique combination of dental and cephalic spine morphologies (Rees 2008) . Lissodus encompasses numerous described nominal species, and reported occurrences of this taxon are nearly globally distributed, being reported from both marine and non-marine deposits of Late Devonian to Early Cretaceous age (Ginter et al. 2002; Rees and Underwood 2002) . So far, three species of Lissodus have been described from the Early Jurassic: L. johnsonorum Milner and Kirkland, 2006 from the Hettangian of Utah, USA, L. hasleensis Rees, 1998 from the Pliensbachian of Bornholm, Denmark, and L. guenneguesi Delsate, 2003 from the Toarcian of Luxembourg. The validity of L. guenneguesi, however, needs to be re-evaluated, since this species is known only from a few incomplete and fragmentary preserved teeth.
The Grimmen teeth display dental features consistent with the diagnosis of L. johnsonorum provided by Milner and Kirkland (2006) , including a low crown profile, the presence of a principal cusp without lateral cusplets, a moderate labial protuberance, and a weakly developed ornamentation consisting of simple, mainly non-bifurcated folds. However, the North American species L. johnsonorum is based on fossil material recovered from exclusively lacustrine deposits, making a positive attribution of the Grimmen material to L. johnsonorum very unlikely. Otherwise, similar dental characteristics also have been described for lateral teeth of L. minimus (Agassiz, 1839) from the Rhaetian of England, as well as for teeth of the British Middle Jurassic species L. leiodus Woodward, 1887 (see Duffin 1985 Rees and Underwood 2006; Nordén et al. 2015) . Lateral teeth of the L. minimus, however, are considerably more elongated in the mesio-distal direction and bear a small, inconspicuous labial protuberance, unlike the Grimmen teeth. Teeth of L. leiodus are characterized by displaying a distinct, knob-like labial protuberance. Consequently, the Grimmen material cannot be assigned to any described Lissodus species with certainty, and it therefore is referred to as Lissodus sp. here.
Subcohort Neoselachii Compagno, 1977 Incerti superordinis Order Synechodontiformes Duffin and Ward, 1993 Family Palaeospinacidae Regan, 1906 Genus Palidiplospinax Klug and Kriwet, 2008 Type species. Synechodus enniskilleni Duffin and Ward, 1993 from the Sinemurian (Early Jurassic) of Lyme Regis, England.
Palidiplospinax enniskilleni (Duffin and Ward, 1993) Figure 3a , b
Material. One complete tooth (GG 438/35).
Description. The single specimen GG 438/35 is represented by an almost complete lateral tooth measuring 2.46 mm in total width and 1.18 mm in maximum height. The tooth crown is labio-lingually compressed and displays a welldefined and slightly distally inclined triangular principal cusp, which is asymmetrically flanked by well-separated cusplets, including one distal and two mesial cusplets (Fig. 3a, b) . The cutting edges are well-developed and sharp. The ornamentation is composed of strong non-bifurcating vertical folds, which ascend above the crown-root junction to cover most part of the crown. The root is slightly eroded but appears to have been projected lingually. The labial root face displays two large basally placed foramina and possible remnants of a nutritive groove (Fig. 3a) . The lingual face of the root bears several tiny foramina that are aligned in a more or less horizontal line (Fig. 3b) .
Discussion. Synechodontiformes includes four phylogenetically well-supported families, including Palaeospinacidae, Pseudonotidanidae, Orthacodontidae, and Paraorthacodontidae (Klug 2010) , and according to the fossil record, the stratigraphic range of Synechodontiformes is Late Permian to Palaeocene. Klug and Kriwet (2008) introduced the palaeospinacid genus Palidiplospinax to include the following three Early Jurassic European species: P. enniskilleni (Duffin and Ward, 1993) , P. occultidens (Duffin and Ward, 1993) , (Duffin and Ward, 1993) , lateral tooth (GG 438/35) in labial (a) and (b) lingual views; c-f Palidiplospinax occultidens (Duffin and Ward, 1993) , lateral tooth (GG 438/36) in labial (c) and (d) lingual aspects; lateral tooth (GG 438/37) in (e) labial and (f) oblique mesial views; g-i Sphenodus sp., anterior tooth (GG 438/41) in (g) labial, (h) lingual, and (i) lateral aspects; j-t Paraorthacodus sp., lateral tooth (MV 202621/1) in (j) labial, (k) distal, (l) lingual, (m) occlusal, and (n) basal views; anterior tooth (GG 438/42) in labial (o), lingual (p), and (q) lateral views; parasymphesial tooth (MV 202621/2) in (r) labial, (s) lingual, and (t) lateral aspects and P. smithwoodwardi (Fraas, 1896) . Of these, P. enniskilleni and P. occultidens are by far the most common species, as they are known from both skeletal and dental remains ranging from the Hettangian to the Pliensbachian (Delsate and Duffin 1993; Duffin and Ward 1993; Rees 1998 Rees , 2000 Duffin 2010 ). Conversely, P. smithwoodwardi is a very rare species known from a single incomplete skeleton recovered from the lower Toarcian of Germany (Klug and Kriwet 2006, 2008) .
Palidiplospinax was found to be dentally and skeletally very similar to Synechodus Woodward, 1888 and Paraorthacodus Glikman, 1957 by Klug and Kriwet (2008) , and in a subsequent phylogenetic analysis conducted by Klug (2010) , Palaeospinacidae was resolved to include Palidiplospinax, Synechodus, and 'Synechodus' prorogatus Kriwet, 2003 , with Palidiplospinax occupying the most basal position within this clade, while Paraorthacodus was resolved as a member of a new synechodontiform family, Paraorthacodontidae, together with Macrourogaleus Fowler, 1947 .
The single tooth GG 438/35 from the upper Pliensbachian of Grimmen fits well with dental characteristics described for lateral teeth of P. enniskilleni, thus separating it from those of P. occultidens, which are characterized by exhibiting a less pronounced crown ornamentation and fewer, less well-developed lateral cusplets (Duffin and Ward 1993; Duffin 2010) . Rees (2000) described two teeth of P. enniskilleni from the Pliensbachian of southern Sweden, but he also noted morphological differences from the holotype material from the Sinemurian of England described by Duffin and Ward (1993) . Unfortunately, the dentition of P. smithwoodwardi is unknown and therefore the Swedish teeth might be best identified as Palidiplospinax sp. On the other hand, the dental differences observed by Rees (2000) might also be attributable to sexual dimorphism in P. enniskilleni (see Klug et al. 2009; Klug and Kriwet 2013) , but more articulated material is needed to test this hypothesis.
Palidiplospinax occultidens (Duffin and Ward, 1993) Description. The teeth are characterized by rather stout and bulky cusps. The cusps are pointed and lingually curved, with their apices overhanging the root (Fig. 3e, f) . In mesio-distal aspects, the cusps are slightly sigmoidal. Laterally, the cusps are flanked by extended heels bearing up to three smaller cusplets at the lateral edges (Fig. 3c,  d ). The cutting edges are continuous but weakly developed (Fig. 3e, f) . The ornamentation is composed of faint vertical folds on both the labial and lingual faces of the crown. The folds are restricted to the lower part of the crown and are usually more pronounced on the lingual face. The roots are well-developed and slightly U-shaped in basal view, showing a pseudopolyaulacorhize vascularisation pattern. The roots are slightly projected lingually and exhibit small circular to oval nutritive foramina penetrating the lingual root face (Fig. 3f) . The labial face of the root bears a horizontally arranged row of rather large nutritive foramina that are notched into the basal root face (Fig. 3e) .
Discussion. These teeth can be unequivocally attributed to Palidiplospinax occultidens, whose teeth are defined by possessing inconspicuously ornamented crowns with laterally extended heels and reduced lateral cusplets (Duffin and Ward 1993; Duffin 2010) .
Family Orthacodontidae Glikman, 1957 Genus Sphenodus Agassiz, 1843 Type species. Lamna longidens Agassiz, 1843 from the Oxfordian (Late Jurassic) of Mont Vohaye, Switzerland.
Sphenodus sp. Figure 3g-i

Material. One incomplete tooth (GG 438/41).
Description. Specimen GG 438/41 is the largest tooth within the here reported fossil assemblage, measuring 19.6 mm in maximum height. It possesses a high and erect cusp that is lingually curved and slightly sigmoidal in mesio-distal views (Fig. 3i) , exhibiting continuous and well-developed cutting edges (Fig. 3g, h ). The cusp displays no torsion along their lengths and there are neither lateral blades nor cusplets. The labial face of the cusp is only slightly convex, while the lingual face is strongly convex. The ornamentation consists of fine and densely arranged vertical enameloid folds arranged along the lower parts of the labial (Fig. 3g) and lingual ( Fig. 3h) faces of the cusp, with the ornamentation on the lingual side being slightly more well-defined. The root lacks any significant morphological features as it is only partially preserved.
Discussion. The genus Sphenodus Agassiz, 1843, includes numerous described species ranging from the Sinemurian to the Danian (see Duffin and Ward 1993) . However, the fossil record of Sphenodus is predominantly based on isolated teeth or even isolated tooth crowns, with most species showing very similar dental characteristics. In consequence, most Sphenodus species are dubious and in need of revision to ensure their validities (e.g., Kriwet et al. 2006; Adolfssen and Ward 2014) .
There are three well-known Jurassic Sphenodus species: S. macer (Quenstedt, 1851) and S. nitidus Wagner, 1862 from the German Late Jurassic (e.g., Böttcher and Duffin 2000; Kriwet and Klug 2004 , and S. longidens Agassiz, 1843, which has been reported from several European localities of Early to Late Jurassic age (e.g., de Beaumont 1960; Thies 1993; Kriwet and Klug 2004; Rees 2010; Simonsen 2012) . The Sphenodus tooth from the upper Pliensbachian of Grimmen significantly differs from those of S. longidens, S. macer, and S. nitidus in the more robust tooth crown morphology and the presence of a more pronounced ornamentation, thus precluding a positive assignment to any of the aforementioned species. Rees (2000) described teeth referred to Sphenodus sp. from the upper Pliensbachian of southern Sweden, but noted that this material may comprise teeth of at least two unrelated genera (Rees 2010) , pending further taxonomic research. The partial tooth crown figured by Rees (2000: Fig. 3d -f) appears to be quite similar to the Grimmen specimen, but its incomplete nature prohibits a detailed comparison.
Family Paraorthacodontidae Klug, 2010 Genus Paraorthacodus Glikman, 1957 Type species. Synechodus recurvus Trautschold, 1877 from the Cenomanian (Late Cretaceous) of the Volga region, Russia.
Paraorthacodus sp. Description. The material includes parasympheseal and lateral teeth as well as numerous isolated cusps. The parasympheseal teeth are rather small, measuring up to 3.6 mm in total height. They are characterized by a prominent and rather stoutly built principal cusp that is flanked laterally by a pair of minute cusplets (Fig. 3r, s) . The principal cusp is bent lingually without sigmoidal curvature (Fig. 3t) . Its ornamentation consists of a few simple and weakly developed vertical folds covering the lower portion of the labial face (Fig. 3r) . Lingually, the ornamentation is composed of fine, non-bifurcating and evenly distributed vertical folds that are restricted to the lower half of the crown (Fig. 3s) . The cusplets flanking the principal cusp exhibit a few weakly developed vertical folds on their labial faces (Fig. 3r) ; lingually they are devoid of any ornamentation (Fig. 3s) . The principal cusp bears continuous and well-developed cutting edges, unlike in the lateral cusplets, where no cutting edges could be observed.
The root is prominent and projected lingually, showing a pseudopolyaulacorhize vascularisation pattern with basally open nutritive grooves arranged along the labial face of the root (Fig. 3r) . Lingually, the root is pierced by numerous, irregularly arranged nutritive foramina of varying sizes (Fig. 3s, t) .
Lateral teeth have up to three well separated cusplets adjacent to the principal cusp, and the best-preserved specimen (Fig. 3j-n ) measures 14.3 mm in maximum width and 13.0 mm in total height. The principal cusp is rather stout with a bulky base displaying an elliptical to subcircular crosssection. The labial face is flat to slightly concave in its lower portion above the tooth-crown junction and flat to slightly convex in its upper portion (Fig. 3j) . The lingual face is evenly convex. The principal cusp has a sigmoidal profile in mesiodistal views (Fig. 3k) , and it is either straight or slightly bent distally. Both the labial and lingual faces of the cusp are ornamented by fine and evenly distributed ridges that cover most part of the cusp starting above the tooth-crown junction to reach the upper two-thirds of the cusp (Fig. 3j-l) . The cusplets are well-developed, subcircular in cross-section, and slightly bent lingually (Fig. 3k, m) , with fine vertical ridges covering both the labial and lingual faces reaching the apices (Fig. 3j-k) . The cutting edges are well-defined and continuous between principal cusp and lateral cusplets.
The root is slightly projected lingually displaying several foramina aligned along the upper portion of the lingual root side (Fig. 3l, m) . The vascularisation pattern is of the pseudopolyaulacorhize type showing several nutritive groove openings along the labial face of the root (Fig. 3j) . The labial grooves are basally open, extending lingually about onethird the labiolingual width of the root base (Fig. 3n) .
The isolated cusps are high and erect with a flat to slightly convex labial face and an evenly convex lingual face (Fig. 3o-q) . The cross-section is subcircular and there is no sigmoidal curvature (Fig. 3q) . There are vertical ridges covering the lower half of the cusp on both the labial and the lingual side of the crown. On the lingual side, these ridges are stronger and more densely arranged (Fig. 3p, q) . Roots and lateral cusplets are incomplete or even missing.
Discussion. The genus Paraorthacodus Glikman, 1957 includes numerous described species ranging from the Pliensbachian to the Palaeocene (see Duffin and Ward 1993; Klug et al. 2009 ), and it is almost exclusively known from isolated dental material, except for the European Late Jurassic to Early Cretaceous species P. jurensis (Schweizer, 1964 ) (see Guinot et al. 2014) , whose fossil record includes exceptionally well-preserved holomorphic specimens reported from the Kimmeridgian and Tithonian of southern Germany Kriwet and Klug 1 3 2015) . The distinction between Jurassic Paraorthacodus species remains unresolved, which is mainly the result of very similar tooth morphologies and the poor sampling effort. The oldest known species referred to Paraorthacodus is P. arduennae described by Delsate (2001) based on a few teeth recovered from Pliensbachian of northern France. Teeth of P. arduennae are characterized by displaying a reduced ornamentation pattern along the labial face of the crown, where vertical ridges can be either restricted to the lateral cusplets flanking the principal cusp or even completely absent, separating it from the Grimmen teeth. Unfortunately, the figures provided by Delsate (2001) are too insufficient to provide any additional morphological features useful for taxonomic differentiation. In addition, Biddle (1993) described teeth from the upper Pliensbachian of western France, which he referred to P. kruckowi Thies, 1983 , a poorly known species initially based on two teeth recovered from the Aalenian of Germany. In addition, Rees (1998 Rees ( , 2000 reported fragmentary teeth that he assigned to Paraorthacodus sp. from the Pliensbachian of Sweden and Denmark. However, the incomplete nature of the Scandinavian material precludes a proper comparison. The Grimmen teeth, especially the lateral ones, indicate close similarities to those of P. kruckowi, but otherwise it cannot be ruled out whether the herein presented material forms a heterogeneous mixture of distinct species, and therefore it is here simply left in open nomenclature as Paraorthacodus sp.
Superorder Galeomorphii Compagno, 1973 Order Orectolobiformes Applegate, 1972 Incertae familiae Orectolobiformes gen. et sp. indet. Description. The single specimen GG 438/54 is a very small, almost completely preserved tooth measuring 3.4 mm in total height and 3.3 mm in maximum width. The tooth crown is characterized by a robust and symmetrical central cusp that is approximately as high as the crown base (Fig. 4a ) and flanked by a single pair of very redundant lateral cusplets with weakly developed cutting edges that are continuous with those of the central cusp (Fig. 4b-d) . The labial face of the crown is slightly convex and the labial edge is evenly rounded and overhangs the root by a short and broad apron (Fig. 4d) . The lingual face is strongly convex and forms a prominent, well-developed, broad but rather short lingual uvula that is wider than the central cusp (Fig. 4b, c) . The tooth crown is devoid of any ornamentation.
The root is massive, rather high, and almost as wide as the crown. The vascularisation is of hemiaulacorhize type with root lobes that are labially divergent giving the root a codiform appearance in basal view. A rather large central foramen opens on the basal surface of the root where the root lobes meet. An additional pair of margino-lateral foramina is present.
Discussion. The single tooth with its robust crown forming a low principal cusp and a single pair of reduced lateral cusplets, in combination with a broad labial apron overhanging the root, the presence of a massive, V-shaped root exhibiting the hemiaulacorhize vascularization pattern, warrants allocation within Orectolobiformes, whose stratigraphic range was previously given as Toarcian to Recent (e.g., Cappetta 2012). In consequence, the here described orectolobiform tooth represents the earliest known fossil evidence of this group of elasmobranch sharks.
The systematic interrelationships of Mesozoic orectolobiforms, however, remain ambiguous and largely unresolved due to very generalized tooth morphologies, and therefore most Jurassic genera are usually considered as incertae familiae (e.g., Underwood and Ward 2004; Rees 2010; Srdic et al. 2016) . From the Toarcian, three orectolobiform species were reported, including Annea maubeugei Delsate and Thies, 1995 Kriwet, 2008 from the Tithonian of Germany. However, a definite assignment of the here described orectolobiform tooth to any of the known Jurassic orectolobiforms is precluded due to its very generalized morphology, which otherwise displays close similarities to teeth of the extant genus Hemiscyllium Smith, 1837, whose fossil record dates back to the Cenomanian (Dingerkus and DeFino 1983; Kriwet et al. 2007) . Hemiscyllium is included together with the Late Cretaceous genera Acanthoscyllium Cappetta, 1980 , Almascyllium Cappetta, 1980 , and Mesiteia Gorjanović-Kramberger, 1885, as well as the extant genus Chiloscyllium Müller and Henle, 1837, which has a fossil record extending back to the Early Cretaceous in the family Hemiscyllidae. Within this taxonomic arrangement, teeth of Acanthoscyllium and Almascyllium bear closest similarities to those of Hemiscyllium but differ in possessing an ornamented tooth crown (e.g., Bardet et al. 2000; Antunes and Cappetta 2002; Vullo et al. 2007) , unlike the Grimmen specimen, which shares with Hemiscyllium an unornamented crown. However, the Grimmen specimen differs in the general morphology of the labial apron, which is much more developed and thinner, reaching the basal plane of the root in lateral views in Hemiscyllium and in the massiveness of the root. The character combination indicates that this specimen represents a new, previously unrecognized hemiscyllid or closely related form. However, we refrain here from assigning it to any genus or species since the single specimen of this taxon provides insufficient taxonomic information. Consequently, specimen GG 438/54 is here referred to as Orectolobiformes gen. et sp. indet. until more material is available for study. Genus Agaleus Duffin and Ward, 1983 Type species. Agaleus dorsetensis Duffin and Ward, 1983 from the Hettangian-Sinemurian (Early Jurassic) of Lyme Regis, England. Duffin and Ward, 1983 Figure 4e-h Material. Two incomplete teeth (438/34; MV 202622).
Incerti ordinis Family Agalidae Rees, 2000
Agaleus dorsetensis
Description. The teeth are characterized by a distinct, robust and lingually inclined principal cusp with a circular crosssection. Laterally, the principal cusp is flanked by a single pair of small cusplets (Fig. 4e-g ). The cutting edges are well-developed and continuous throughout the principal cusp and the lateral cusplets. The tooth crown is strongly demarcated from the root, forming a distinct horizontal ridge that runs along the crown base ( Fig. 4e-h) . Labially, the horizontal ridge is ornamented by a series of short, irregularly arranged folds (Fig. 4e) .
The root is high, hollowed out basally, and exhibits a V-shaped appearance in basal aspect, forming a wide and well-rounded lingual protuberance (Fig. 4g, h ) and two short root lobes, with a single pair of large margino-lingual foramina (Fig. 4h) . Several small, slit-like foramina are present along the lower half of the root (Fig. 4f) . A central foramen could not be observed.
Discussion. The teeth can be easily assigned to Agaleus dorsetensis Duffin and Ward, 1983 , an enigmatic tooth-based species, which is known exclusively from Hettangian to Pliensbachian epicontinental strata of central and western Europe (see Rees and Cuny 2007; Duffin 2010) . When initially described by Duffin and Ward (1983) , the authors included A. dorsetensis in Orectolobiformes without allocating it to any specific family. Later, Rees (2000) removed A. dorsetensis from Orectolobiformes and included the species in Agalidae, a new family of uncertain higher affinities, suggesting that Agalidae falls within Galeomorphii, a view that was supported by subsequent tooth histological analyses provided by Rees and Cuny (2007) .
Superorder Squalomorphii Compagno, 1973 Order Hexanchiformes de Buen, 1926 Suborder Hexanchoidei Garman, 1913 Family Crassodontidanidae Kriwet and Klug, 2016 Genus Notidanoides Maisey, 1986 Type species. Notidanus muensteri Agassiz, 1843 from the Oxfordian (Late Jurassic) of Streitberg, Germany.
Notidanoides sp. Description. Both teeth are incomplete. The most complete specimen comprises two cusps, the main cusp and one accessory cusplet (Fig. 4i, j) . The other specimen preserves only the main cusp (Fig. 4. k, l) . The tooth crown is devoid of any ornamentation. The main cusp is elongated, but lacks most of the distal crown portion. A mesial heel is seemingly not developed. The root is markedly rounded basally (Fig. 4i,  j) . The mesial cutting edge of the main cusp is straight to slightly convex without serrations or crenulations. The distal cutting edge is straight. The main cusp is slightly higher than the first accessory cusplet and both the labial and lingual faces of the main cusp and the accessory cusplet are slightly convex.
The root is labio-lingually flattened and rather high, forming a weakly elevated lingual root bulge, which is restricted to the lower half of the root (Fig. 4l) . It exhibits several small, irregularly arranged foramina. Furthermore, a few vertical grooves are aligned along the upper part of the lingual root face just above the root bulge. The labial root face is penetrated by a number of vertically orientated, slit-like foramina (Fig. 4k) . Discussion. The above described teeth with their labiolingually compressed tooth morphology, together with the presence of an elongated main cusp possessing a continuous mesial cutting edge without any serrations or crenulations, resembles teeth of Notidanoides Maisey, 1986 closely, thus separating them from teeth of Crassodontidanus Kriwet and Klug, 2011, which are characterized by possessing a main cusp with a serrated mesial cutting edge. Kriwet and Klug (2016) included the European Early to Late Jurassic genera Notidanoides and Crassodontidanus, together with the European Early Cretaceous genus Pachyhexanchus Cappetta, 1990 in a new family, Crassodontidanidae, which they considered to be the most plesiomorphic taxon within Hexanchiformes.
Teeth of Pachyhexanchus are rather similar to those of Notidanoides but differ in the presence of a more prominent and even more upright main cusp forming a distinct mesial heel (Ward and Thies 1987; Cappetta 1990 ), thus making a positive assignment of the Grimmen teeth to Pachyhexanchus unlikely. Noteworthy, despite having previously been reported from the Early Cretaceous only, Pachyhexanchus or an even closely related form appears to have been already present by Early Jurassic times, as suggested by a single almost complete tooth recovered from the late Pliensbachian of southern Germany figured by Simonsen (2012: pl. 24, fig. 4 ).
According to Kriwet and Klug (2014) , the genus Notidanoides comprises two species, N. arzoënsis (de Beaumont, 1960) from the Sinemurian of Switzerland, which is known from a few teeth only, and N. muensteri (Agassiz, 1843) , which is represented by teeth and skeletal remains from Oxfordian to Tithonian strata of Germany, France, Spain, Switzerland, and Russia. The validity of N. arzoënsis, however, should be treated as provisional as this species is based on a few partially preserved teeth reminiscent to those of N. muensteri, and therefore N. arzoënsis might represent a junior subjective synonym of N. muensteri, as already suggested by Cappetta (1990) . Teeth of N. arzoënsis and N. muensteri are characterized by rather labio-lingually robust tooth crowns compared to extant hexanchiforms, with a main cusp that is distinctly larger and more massive than the accessory cusplets. Consequently, a taxonomic assignment of the Grimmen teeth to any of the aforementioned species is rendered difficult. In addition, the tooth root in N. muensteri is rather massive forming a well-developed lingual root bulge, unlike the Grimmen teeth. Similarly, Rees (2000) reported a single, incomplete hexanchoid tooth from the Pliensbachian of southern Sweden that appears to be morphologically very similar to those from Grimmen, suggesting that the Swedish specimen and the Grimmen material might belong to a new, previously unrecognized species of Notidanoides. However, given the limited and fragmentary nature of the available material, we refrain from establishing a formal species name until more complete material comes to light.
Superorder Batomorphii Cappetta, 1980 Order Rajiformes Berg, 1940 Incertae familiae Genus Antiquaobatis gen. nov.
Type species. Antiquaobatis grimmenensis sp. nov.
Etymology. The genus name is derived from the Latin adjective 'antiqua' meaning 'old', 'ancient', and the Latin noun 'batis' meaning 'ray'.
Diagnosis. Rajiform ray known from a single tooth only showing the following unique combination of morphological characters: crown-root junction not incised; neck collar broad; transverse crest wide, convex, and well-developed; no central cusp and no lateral cusplets; well-developed labial, not basally inclined apron with broad anterior margin present jutting out horizontally above the root; median lingual uvula short, narrow, low, and not overhanging the root; no lateral uvulae; tooth crown ornamentation restricted to the lowermost part of the neck collar; root massive and not lingually displaced with holaulacorhize vascularization pattern and flaring root lobes; lobes broad and V-shaped in labial view; labial and lingual root face vertical and straight; deep central and narrow nutritive groove; one pair of margino-lingual foramina.
Antiquaobatis grimmenensis gen. et sp. nov. Figure 4m-p Etymology. The species name is derived from the name of the type locality, Grimmen.
Diagnosis. As for genus (by monotypy).
Holotype. One almost complete tooth (GG 438/57).
Locality. Abandoned open-cast clay pit of Grimmen (Mecklenburg-Western Pomerania, Germany).
Age. Apyrenum subzone (spinatum zone, late Pliensbachian, Early Jurassic).
Description. Antiquaobatis grimmenensis gen. et sp. nov. is represented by a very small and slightly asymmetrical, almost complete presumed antero-lateral tooth measuring 0.25 mm in maximum height and 0.26 mm in maximum width. The tooth crown is slightly wider mesio-distally than long labio-lingually, with a conspicuous, laterally extended transverse crest without a central cusp (Fig. 4m, o) . The transverse crest is very convex and very sharp, giving the crown a dome-like appearance in labial view, with some irregularities along its length (Fig. 4m, n) , probably due to post-mortem damage. In occlusal view, the transverse cutting crest is concave labially, dividing the crown into a broad, roughly triangular labial and a very reduced labial area. The labial crown face is sigmoiodal in lateral views with a concavity directly below the cutting edge (Fig. 4m) . The lingual crown face is very sigmoidal in lateral views with a marked bulge at the level of the short lingual uvula.
The lateral angles of the crown are abrupt. The crown continues labially into a broad, well-developed labial protuberance or apron. The labial protuberance strongly overhangs the root but is not basally inclined (Fig. 4n) . The lingual face continues into an elongated and rather low central uvula that does not overhang the neck collar (Fig. 4n) . The lingual margin of the uvula is very steep in lateral views. Additional lateral uvulae are absent. The crown-root junction is not incised. There is a high and well-developed neck collar. Tooth crown is almost entirely devoid of ornamentation, except for the lowermost part of the neck collar, where fine and closely spaced furrows are visible (Fig. 4m-p) .
The root is stout with basally flaring root lobes that do not extend laterally beyond the crown in occlusal view.
Additionally, it is not lingually displaced. The root vascularization is of the holaulacorhize pattern with a deep, narrow central groove dividing the basal root face into two lobes, which are wide at their bases to give the root a somewhat V-shaped appearance in labial view. In lingual view, the root lobes also are V-shaped. The labial and lingual faces of the root are vertical and straight in mesio-distal views. The lingual root face is damaged. The root exhibits a pair of rather large, oval margino-lingual foramina.
Discussion. The overall morphology of the single tooth, in particular the stoutly built and basally flared root exhibiting the holaulacorhize vascularization pattern, in combination with the presence of a rather robust and mesio-distally broad crown forming a distinct transverse crest, is consistent with referral to Batomorphii, which forms a speciose and ecomorphologically distinctive group of elasmobranch fishes encompassing all skates and rays. The oldest fossil records attributable to Batomorphii are from the European late Early Jurassic, including Toarcibatis Delsate and Candoni, 2001 , Cristabatis Delsate and Candoni, 2001 , and Doliobatis Delsate and Candoni, 2001 , which were based on isolated dental material from the Toarcian of France, Belgium, and Luxembourg, and grouped together within the family Archaeobatidae. 'Spathobatis' moorbergensis Thies, 1983 , based on teeth from the upper Toarcian of northern Germany, represents the currently oldest known fossil record of 'Rhinobatoidea'. Teeth of Archaeobatidae as well as those of 'Spathobatis' moorbergensis are easily distinguishable from teeth of Antiquaobatis grimmenensis gen. et sp. nov., particularly by robust, low, and transversally wide tooth morphologies indicating effective crushing type dentitions.
By the Middle and Late Jurassic, batomorphs seemingly became more abundant reaching a cosmopolitan distribution by the Tithonian (e.g., Cavin et al. 1995; Cione 1999; Arratia et al. 2002; Underwood and Ward 2004; Cuny et al. 2008 Cuny et al. , 2009 , and six valid genera currently are recognized for the Middle to Late Jurassic time interval, including Belemnobatis Thiollière, 1852, Spathobatis Thiollière, 1852, Asterodermus Agassiz, 1843, Engaibatis Arratia, Kriwet, and Heinrich, 2002 , Leiribatos Kriwet, 2004 , and Kimmerobatis Underwood and Claeson, 2017 . Of these, the tooth-based taxa Engaibatis and Leiribatos cannot be referred to any existing family and are left within Rajiformes as incertae familiae. The genera Belemnobatis, Spathobatis, and Asterodermus, which are known by both dental and skeletal material, generally are assigned to the extant family Rhinobatidae (e.g., Cavin et al. 1995; Cappetta 1987 Cappetta , 2012 Thies and Leidner, 2011) . Underwood and Claeson (2017) , however, recently rejected this arrangement based on a phylogenetic analysis, in which their new genus Kimmerobatis was recovered to form part of a separate family, together with Belemnobatis and Spathobatis. The precise systematic position of Asterodermus remains unresolved, and a re-evaluation of the type material from the Tithonian of southern Germany is needed in order to validate its systematic affinities (see Rees 2005; Klug and Kriwet 2013 for discussion) .
Teeth of Belemnobatis and Spathobatis show some morphological resemblance to those of Protospinax Woodward, 1919, a speciose but still problematic squalomorph shark from the Jurassic and Cretaceous of Europe (see de Carvalho and Maisey 1996; Klug and Kriwet 2013; Guinot et al. 2014) . Teeth traditionally referred to Protospinax are generally characterized by lingually displaced roots, a feature shared with Belemnobatis and Spathobatis, thus readily separating them from Antiquaobatis grimmenensis gen. et sp. nov.
The tooth morphology of Antiquaobatis grimmenensis gen. et sp. nov. indicates closest affinities to the monotypic genus Engaibatis schultzei from the Kimmeridgian-Tithonian of Tanzania in both crown and root morphology. Notably, both species are characterized by rather gracile tooth crown morphology, separating them from most other described Jurassic batomorphs, which typically possess more robust and transversally wide crowns. However, the absence of a central cusp as well as additional lateral cusplets, combined with the presence of a prominent labial protuberance, the possession of an elongated but rather low central lingual uvula that does not overhang the neck collar, and the presence of a more stoutly built and not lingually displaced root, clearly distinguishes Antiquaobatis grimmenensis gen. et sp. nov. from teeth of E. schultzei.
Antiquaobatis grimmenensis gen. et sp. nov. represents the oldest unequivocally identified fossil record of Batomorphii and it is left here as Rajiformes incertae familiae until the systematics and interrelationships of Jurassic batomorphs are fully resolved.
The erection of a new elasmobranch taxon based on a single isolated tooth is certainly not straightforward and in most cases not favorable, particularly because dental features related to heterodonty are non-determinable. Nevertheless, it is evident that the tooth of Antiquaobatis grimmenensis gen. et sp. nov. is distinct from those of all other known batomorphs in displaying a unique combination of morphological characters, thus justifying the introduction of a new genus and species.
Discussion
Taphonomy
The here described elasmobranch dental material from the sandy, marginal marine upper Pliensbachian of Grimmen is considered to be largely of allochthonous origin, as it has suffered massively from post-mortem breakage in many cases, most probably due to extensive reworking and redistribution generated by current activities. Therefore, the here reported taxa might have inhabited marine areas that were located in closer proximity to the Fennoscandian mainland, such as the paralic depositional environments referred to the late Pliensbachian to early Aalenian Sorthat Formation of Bornholm, Denmark (see Michelsen et al. 2003; Vajda and Wigforss-Lange 2009 ). In addition, some teeth have been affected by bioerosion, as confirmed by microborings attributable to the ichnospecies Mycelites ossifragus Roux, 1887 (see Underwood and Rees 2002) , suggesting that the material was exposed on the sea-floor for long periods of time before burial. The causative organism of these structures, however, remains obscure, although an attribution to endolithic fungi and/or algae appears most likely.
Palaeoecology
Elasmobranch teeth are of high taxonomic value and also offer significant adaptive features for inferring possible diet preferences (Cappetta 2012) . However, as shown by Whitenack and Motta (2010) , tooth morphologies alone provide only a broad idea about their actual biological roles. Therefore, the diet preferences addressed below should be treated with caution, as the proposed prey ranges were most probably more diverse than expected when it comes to tooth morphologies alone.
As revealed by the fossil record, Hybodus formed a common and widely distributed component within the marine Early Jurassic marine ecosystems, ranging from the Hettangian to the Toarcian (e.g., Delsate and Duffin 1993; Duffin 1997 Duffin , 2010 Rees 1998; Delsate et al. 2002) . The teeth of Hybodus reticulatus and H. hauffianus correspond to the clutching-type, which infer a diet predominantly composed of cephalopods but also fish. The former is confirmed by about 250 belemnite rostra that were found preserved as stomach contents in a unique holomorphic specimen of H. hauffianus from the Toarcian of southern Germany (Schmidt 1921) .
The hybodontiform genus Lissodus seems to have been rather limited in its facies distribution (Rees 1998 (Rees , 2001 , being represented by at least two separate species within the Pliensbachian marginal marine ecosystems south of Fennoscandia (Rees 1998; this contribution) . Notably, the scarcity of Lissodus in open marine, offshore environments, combined with the high abundance of Lissodus teeth in the marginal marine, near-shore Hasle Formation of Bornholm (Rees 1998) , might reflect a palaeobiogeographic segregation amongst European Early Jurassic hybodontiforms, probably in response to specific ecological and/or biological constraints, but more likely corresponds to sampling biases (Rees 1998) . Lissodus is characterized by teeth that correspond to the grasping-crushing type suitable for crushing soft-to hard-shelled food items, suggesting that this taxon predominantly fed on benthic invertebrates .
The here reported indeterminate lonchidiid tooth indicates close architectural resemblance to Parvodus, whose teeth refer to the cutting-crushing type . This might suggests that the Grimmen lonchidiid fed on different prey species as compared to Lissodus, probably in order to partition available niche spaces efficiently, but more material is needed in order to assess dental features related to heterodonty and potential feeding habits in the former taxon.
The synechodontiform genera Palidiplospinax, Paraorthacodus, and Sphenodus probably were benthopelagic sharks predominantly bound to marginal marine waters (Thies and Reif 1985; Underwood 2004; Klug et al. 2009 ). Like Synechodus, Palidiplospinax is characterized by a clutching-to tearing-type dentition similar to that in extant scyliorhinids (Duffin and Ward 1993; Klug and Kriwet 2008) , suggesting a wide range of prey preferences including fish, soft-bodied invertebrates, and crustaceans. The dentition of Paraorthacodus is more specialized towards the tearing-type ), a condition strongly expressed in Sphenodus (Böttcher and Duffin 2000) , suggesting that both taxa were mobile predatory sharks predominantly feeding on fast swimming animals like fish and squid.
Hexanchiform sharks appear to have been rather rare during Early Jurassic times , which might suggest that they inhabited open or deeper water areas on outer continental shelves and slopes similar to most extant hexanchiforms (e.g., Barnett et al. 2012) . Notidanoides is known to have formed a strong cutting dentition (Kriwet and Klug 2014) adapted to cut tough prey materials. Likewise, pseudonotidanid synechodontiforms also are characterized by strong cutting-type dentitions (e.g., Underwood and Ward 2004; Klug and Kriwet 2010) , suggesting similar feeding habits. The oldest fossil records referred to Pseudonotidanidae are Pseudonotidanus politus (Thies, 1992) from the Toarcian of Germany and Welcommia terencei Delsate and Godefroit, 1995 from the lower Toarcian of Belgium. The latter genus, however, is already present by pre-Toarcian times, as exemplified by isolated teeth of a yet undetermined species from the lower Pliensbachian of northeastern France figured by Delsate (2001: pl. 1, figs. N-Q) , who erroneously referred the material to Hexanchidae indet.
The monotypic genus Agaleus is one of the most common and widely distributed European Early Jurassic elasmobranchs. Its rather robust dentition (e.g., Rees and Cuny 2007) , which corresponds to the clutching-type, together with its wide palaeobiogeographical distribution, suggests that Agaleus was a benthopelagic shark with a diet of various thin-to hard-shelled invertebrates.
The here reported indeterminate orectolobiform tooth indicates close morphological resemblance to Hemiscyllidae, which might suggests that orectolobiform sharks with similar life styles and adaptations might have been already present by Early Jurassic times. Extant members of Hemiscyllidae are small, nocturnally active nectobenthic sharks with restricted habitat distributions towards shallow marine, near-shore environments, such as coral reefs and seagrass flats (Compagno 2001; Allen et al. 2016) . Hemiscyllid teeth are rather unspecialized, which corresponds to a wide range of prey preferences, including fish, soft-bodied invertebrates, as well as shelled molluscs and crustaceans (e.g., Heupel and Bennett 1998) .
A nectobenthic lifestyle has been also suggested for Jurassic batomorphs (e.g., Thies and Reif 1985; Underwood 2004; Klug and Kriwet 2013) , in particular for taxa known from complete skeletons such as Belemnobatis and Spathobatis, which are generally characterized by sharing a bauplan similar to extant rhinobatids, with an elongated rostrum, dorso-ventrally flattened body with enlarged pectoral fins, and a muscular tail. Corresponding to the crushing-type, the dentitions of these taxa are composed of small, massive, and densely arranged teeth, inferring specialized feeding adaptations towards hard-shelled prey. Likewise, similar feeding habits might have been typical for archaeobatids, as their teeth are generally characterized by massive and transversally broad tooth morphologies (Delsate and Candoni 2001) . Conversely, Antiquaobatis grimmenensis gen. et sp. nov. appears to have used different, less specialized and probably more opportunistic feeding strategies, as suggested by the gracile and high tooth morphology, but more material is needed in order to assess possible feeding habits in Antiquaobatis grimmenensis gen. et sp. nov. more properly.
Late Early Jurassic diversity and distributional patterns
Occurrences of Early Jurassic elasmobranchs are almost exclusively known from Europe, where numerous chondrichthyan-bearing localities have been reported since the 19th century (e.g., Charlesworth 1839; de Beaumont 1960; Thies 1983; Delsate et al. 1989; Delsate and Duffin, 1993; Duffin 1993 Duffin , 1997 Duffin , 2010 Delsate and Godefroit 1995; Rees 1998 Rees , 2000 Delsate and Candoni 2001; Delsate et al. 2002; Vincent et al. 2013; Romano et al. 2018) . However, although the knowledge of Early Jurassic cartilaginous fishes has expanded substantially in recent decades, our understanding of their distributional patterns remains very heterogenous. This is mainly because the great majority of reported Early Jurassic elasmobranch occurrences come from open marine, offshore settings, while material from marginal marine, near-shore depositional environments remains very rare due to the scarcity of productive localities to date.
The taxonomic diversity and distribution patterns of Early Jurassic elasmobranchs thus are strongly biased towards open marine, offshore environments, rendering the study of their macroevolutionary patterns and processes difficult (Underwood 2004 (Underwood , 2006 . So far, the Danish island of Bornholm in the Baltic Sea is the only European place known to have produced Early Jurassic cartilaginous fish remains of marginal marine origin, including those of hybodontiforms, neoselachians, and holocephalians (Rees 1998; Duffin and Milàn 2017) . These are derived from the Hasle Formation, a fine-grained sandstone to coarse-grained siltstone of early Pliensbachian age that was deposited in close proximity to the Fennoscandian Shield (see Vajda and Wigforss-Lange 2009) . The here reported fossil assemblage from the upper Pliensbachian of Grimmen, therefore, offers a rare glimpse into the taxonomic diversity of marginal marine Early Jurassic elasmobranchs, revealing the presence of a diverse fauna in the marginal marine ecosystems south of Fennoscandia immediately before intense global palaeoenvironmental perturbation episodes that occurred at and immediately following the Pliensbachian-Toarcian transition. The faunal composition of the here described fossil assemblage indicates close affinities to other pre-Toarcian elasmobranch assemblages, which are usually composed of hybodontiforms, synechodontiforms, hexanchiforms, and Agaleus (e.g., Biddle 1993; Rees 1998 Rees , 2000 Delsate et al. 2002; Duffin 2010) . By the Toarcian, orectolobiforms (e.g., Annea Thies, 1983 , Palaeobrachaelurus Thies, 1983 ) and heterodontiforms (e.g., Paracestracion Koken in von Zittel, 1911) as well as batomorphs (mainly represented by archaeobatids) became abundant for the first time (Fig. 5) , resulting in a first major neoselachian diversification event Guinot et al. 2012; Guinot and Cavin 2016) , probably accompanied by a sudden and nearly simultaneous colonization of a wide range of marine environments and subsequent reorganization of ecological niches of elasmobranchs (Underwood 2004 (Underwood , 2006 . Obviously, the here presented fossil evidence of both Orectolobiformes and Batomorphii from late Pliensbachian marginal marine, near-shore facies provide some support for the hypothesis by Underwood (2004 Underwood ( , 2006 ) that most neoselachian crown-group representatives were initially linked to marginal marine, near-shore environments, before moving into open marine, offshore habitats by the Toarcian, thus providing promising clues for better understanding Early Jurassic chondrichthyan diversity and distributional patterns.
Potential causes underlying the Toarcian neoselachian diversification event include diverse factors, such as evolutionary novelties in ecological adaptations of feeding and reproduction (Thies and Reif 1985; Kriwet et al. 2009 ), but environmental changes such as the early Toarcian transgression might also have favored diversification by providing enlarged epicontinental environments suitable for dispersal and speciation Guinot and Cavin 2016) . In addition, as there is a constantly growing body of evidence that temperature is one of the main determinants controlling global biodiversity patterns (e.g., Allen et al. 2006; Wright et al. 2006 Wright et al. , 2011 Tittensor et al. 2010; Belmaker and Jetz 2011) , increasing seawater temperatures associated with the T-OAE might also have played a role in the Toarcian neoselachian radiation event by generating higher speciation rates (Guinot and Cavin 2016) . In addition, Thies and Reif (1985) proposed that the radiation of neoselachians was opportunistic, probably in response to the rapid diversification of new food resources, such as teleosts from the Early Jurassic onwards (e.g., López-Arbarello and Sferco 2018).
Jurassic hybodontiform sharks are generally assumed to have been negatively affected by the radiation of Jurassic neoselachians due to increasing competition, resulting in a diversity decline towards the end of the Jurassic and subsequent displacement towards continental waters by the Early Cretaceous onwards (e.g., Thies and Reif 1985; Rees and Underwood 2008; Cuny 2012; Leuzinger et al. 2017) . Notably, late Early Jurassic hybodontiform sharks seem to have been unaffected by the radiation of neoselachians (Fig. 5) , which might suggest that both groups occupied different niche spaces in order to partition the available food resources efficiently, but more research is needed for evaluation of this hypothesis. For instance, the generic content of Jurassic hybodontiforms still remains ambiguous and unresolved (e.g., Maisey 1987; Rees and Underwood 2008; Rees 2008; Maisch and Matzke 2016) , pending further taxonomic research.
Conclusion
Although being based on rare and fragmentary material, the results derived from the present study provide new insights into the taxonomic and ecological diversity of Pliensbachian elasmobranchs, and also contribute to our current knowledge about late Early Jurassic elasmobranch distributional patterns. Nevertheless, many taxa, especially hybodontiform sharks, are still in need of revision, therefore more taxonomic research is required in order to gain deeper insights into Early Jurassic elasmobranch life.
